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Abstract

Reptile and amphibian communities were sampled in intact gaps created by wind disturbance, salvage-logged gaps, and
closed canopy mature forest (controls). Sampling was conducted during June-October in 1997 and 1998 using drift fences
with pitfall and funnel traps. Basal area of live trees, shade, leaf litter coverage, and litter depth was highest in controls and
lowest in salvaged gaps. Percent cover, length, and diameter of coarse woody debris (CWD) were significantly greater in intact
gaps than in salvaged gaps or controls. Coarse woody debris was more decayed and had less bark in controls than gaps. The
relative abundance of salamanders and American toads, and species richness and diversity of amphibians did not differ among
treatments. In contrast, relative abundance of two lizard species and (marginally) snakes, and species richness and diversity of
reptiles was higher in both gap treatments than in controls. Results suggest that higher light in gaps positively influenced
reptile abundance, but CWD at the tested levels was not an important determinant of habitat quality. The presence of a partial
canopy and other forest features in both gap treatments may have adequately retained the microclimatic conditions required by
moisture-sensitive amphibians. Xeric  study sites and an associated assemblage of species that are pre-adapted to relatively
warm, dry conditions also might partially explain the absence of any significant response by amphibians. In the closed canopy
forests of the southern Appalachians, I suggest that salamanders were historically dominant, whereas many reptile species
occurred at low densities and depended upon infrequent natural disturbance to create ephemeral patches of suitable habitat.
Further study is required to determine what parameters of disturbance influence reptile and amphibian communities, and how
these effects might differ along a moisture gradient and among species. 0 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

In the predominantly closed-canopy forests  south-
ern Appalachians, natural disturbance commonly
creates canopy openings at scales ranging from sin-
gle-tree gaps to several hectares (Runkle, 1982; Lor-
imer, 1989; Greenberg and McNab, 1998). The

*Tel.: fl-828-667-5261, ext. 118; fax: +l-828-667-9097.
E-mail address: kgreenberg@fs.fed.us  (C.H. Greenberg).

‘background’ disturbance regime was historically sin-
gle-tree death (Runkle, 1982; Lorimer, 1989) or crown
damage from ice storms. High-intensity, large-scale
natural  disturbance was relatively infrequent,  but inte-
gral to forest dynamics at the landscape scale. Green-
berg and McNab (1998) estimate that historically,
6.8% of the landscape was disturbed by high-intensi ty
winds every 200 years. Changes in light levels to the
forest floor,  habitat structure, and associated changes
in fauna1 communit ies are probably l inked to gap size
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and canopy structure that  results  from partial- ,  s ingle-,
or multiple tree deaths.

Higher light levels promote regeneration of some
tree species (Runkle, 1982; Lorimer, 1989), stimulate
fruit production, and increase primary productivity
that leads to higher arthropod abundance (Blake
and Hoppes, 1986). Greater food resources are cor-
related to a higher density and diversity of birds in
temperate ecosystems (Blake and Hoppes, 1986;
Kilgo et al., 1999; Greenberg and Lanham, 2000).
Although canopy gaps clearly function as ‘hotspots’
of resource availability and biological diversity
within a landscape,  the response of repti le and amphi-
bian populations to canopy gaps has largely been
overlooked.

Species richness of herpetofauna in the southern
Appalachian mountains r ivals  any in the United States
(Kiester, 1971; Conant  and Collins, 1991). Petranka
(personal communication) estimates the biomass of a
streamside salamander community to be 24 times
higher than bird biomass estimates from Hubbard
Brook in New Hampshire (Burton and Likens,
1975a,  b). Reptiles and amphibians are prey for many
vertebrate predators (Pough et al., 1987). Clearly,
herpetofauna are an important component of biologi-
cal diversity, and also serve an important role in
support ing the biological  diversi ty of  vertebrates .

Several studies in the southeastern United States
suggest that timber harvesting can adversely affect
local amphibian populations, especially salamanders
(Blymer and McGinnes,  1977; Pough et al., 1987;
Ash, 1988, 1997; Petranka et al., 1993, 1994; deMay-
nadier and Hunter, 1995; Phelps and Lancia, 1995).
Canopy removal results in a warmer, drier microcli-
mate,  and reduced leaf l i t ter cover and depth that could
cause salamanders to desiccate (Ash, 1988; Petranka
et al., 1993; deMaynadier  and Hunter, 1995). Some
studies report that salamanders virtually disappear
from sites following clearcutting, and their popula-
tions in the southern Appalachians take at least 20
years to fully recover (Ash, 1988,1997;  Petranka et al. ,
1993, 1994; but see Adams et al., 1996; Harper and
Guynn, 1999). deMaynadier  and Hunter (1995) sug-
gest that timber harvesting techniques that retain
adequate microhabitat could mitigate impacts on
many amphibian species.

The same conditions that may be detrimental to
amphibians appear to benefit reptiles (Greenberg

et al., 1994; Phelps and Lancia, 1995; Adams et al.,
1996). Most reptile species require warm tempera-
tures (associated with higher light levels) for egg
incubation and successful  development of  hatchlings
(Goin  and Goin, 1971; Deeming and Ferguson,
1991). However, most studies of herpetofaunal
response to t imber harvest ing conducted in the south-
ern Appalachians focus on a small part of the picture
by addressing salamander response alone, whereas
the response of reptiles has received virtually no
at tent ion .

Single- or multiple-treefalls increase light and
simultaneously generate large volumes of coarse
woody debris (CWD). Course woody debris has been
identified as an important structural feature of habitat
for optimizing terrestrial vertebrate diversity (Maser
et al., 1979; Harmon et al., 1986). Many herpetofau-
nal species use CWD for mating sites, nesting cover
(protection from desiccation and predators), feeding
(CWD often attracts high densities of invertebrate
prey), and thermoregulation (Whiles and Grubaugh,
1996). The presence of standing as well as down,
dead CWD increases habitat structural diversity.
However, little is known about how the amount,
distribution, and condition of CWD influences verte-
brate communities.

As the ecosystem management paradigm has gained
momentum in the past decade, forest managers and
ecologists  have suggested that  s i lvicul tural  systems be
designed to mimic natural disturbance (Hansen et al.,
1991; Greenberg et al. ,  1994). A necessary corollary is
the need to identify habitat characteristics that pro-
mote diversity and abundance of species (Hansen et al . ,
1991; Whiles and Grubaugh, 1996). Without some
knowledge of how herpetofaunal communities
respond to natural disturbance and the associated
changes in habitat  structure,  there is  no way to gauge
the success or failure of management.

The objective of this study was to compare the
relative abundance and community composition of
reptiles and amphibians in intact, wind-created down-
burst gaps, salvage-logged gaps, and mature, closed
canopy forest. Herpetofaunal response to two levels
of disturbance and associated microhabitat are exam-
ined by comparing intact gaps having relatively less
light and greater cover of CWD, leaf litter, and leaf
litter depth to gaps that were salvage-logged using a
skidder.
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2. Study area

The .Bent  Creek Experimental  Forest  (BCEF) encom-
passes a 2500 ha watershed in western North Carolina.
Annual precipitation averages 800 mm and is evenly

I distributed year around. Elevation ranges from 700 to
1070 m. Winters are short and mild, and summers are
long and warm. Common tree species on xeric  sites such

. as  those used in this  s tudy include scarlet  oak (Quercus
coccinea),  chestnut oak (Q. prinus), black oak (Q.
velutina), blackgum (Nyssa sylvatica), sourwood  (Oxy-
dendrum  arboreum),  and occasional shortleaf pines
(Pinus  echinata) .  Tulip poplar  (Liriodendron tulipifera)
and northern red oak (Q. rubra) dominate on moist
slopes and coves. Red maple (Acer  rubrum),  hickory
(Carya spp.),  dogwood (Cornusjlorida)  and white oak
(Q. alba)  are common throughout (McNab, 1996).

3. Methods

On 5 October 1995 the remnants of Hurricane Opal
passed ~240  km west of Asheville, NC. Downbursts
of wind created at least twenty-one 0.1-1.5 ha gaps,
primarily by uprooting large trees. Gaps were irregu-
larly shaped, and retained partial canopy cover. Tree
density decreased by 19-39%, and basal area (BA) by
30-52%  in measured gaps (Greenberg and McNab,
1998). The uprooting of trees created pits over 1.6-
4.3% of the ground surface. Several gaps were sal-
vage-logged during 1996-1997; others were left
intact, with fallen trees remaining in place.

Treatments were intact gaps (remaining as they were
created by wind disturbance) (n=4),  and salvage-
logged gaps (n=3).  Controls were mature (80-100
years old),  closed canopy forest (n=4).  Controls  were
adjacent to and >25-m from intact  gaps;  salvage-logged
gaps were SO.48 km from control-intact gap pairs. All
study sites were SO.4  km from streams and 0.2-2.4 km
from a lake, but distances from streams or lakes were
distributed relatively evenly among treatments. Sal-
vage-logging removed standing and fallen trees that
were kil led or heavily damaged during hurricane Opal.
One gap intended for inclusion within the salvage-
logged treatment was not salvage-logged until winter
1997, and was thus included in the intact treatment
that year. Hence, in 1997 nintact=5,  n,,rvaged=2,  and
~~~~~~~~~~~~  Study gaps ranged in size from0.15 to 1.5 ha.

Six 7.6-m long, 0.5-m high drift fences buried
5-12 cm into the ground were established at random
locations and orientations within each site. Two 19-1
plastic paint buckets with 2-mm holes drilled into the
bottom for drainage were sunk flush to the ground at
both ends of each fence (n=12  pitfalls per site). A
sponge was placed in each bucket and dampened at each
visit  as necessary to reduce the probabili ty of desicca-
tion. Double-ended funnel traps (Heyer et al., 1994)
were placed along both sides of and adjacent to each
fence (n=12  per site). Pitfall and funnel traps were
shaded by squares of Masonite pegboard. Erect, l-m
high PVC pipes were positioned next to each fence
(n=6  per site)) during both years to attract treefrogs,
and 0.6-m’ treated plywood coverboards (1998 only)
were placed near pitfall  traps (n= 12 per site) to attract
herpetofauna. However, the capture success by PVC (0
captures) and coverboards (11 captures) was negligible,
and those data are excluded from analyses.

Traps were open during 28 May-23 October 1997,
and during 2 June 1998-29 May 1999. Traps were
checked three times weekly. Reptiles and amphibians
were identified, measured, weighed, and individually
marked by toe- or scale-clipping, and released at  point
of capture.

3.2. Habitat measurements

Percent cover of habitat features including bare
ground, shrub, leaf l i t ter ,  humic mat,  shrub, and coarse
woody debris (212.5  cm diameter at contact point
with line transect) was measured in summer, 1998
using five randomly located 15-m line transects in
each site. Depth of leaf litter and humic mat was
measured at meters 0,7.5,  and 15 of each l ine transect.
Length and diameter (at contact point with line trans-
ect) of each piece of CWD encountered along trans-
ects were measured. The bark condition of CWD was
categorized as follows: 1, recently dead with 100% of
bark on tree; 2, 270%  of bark on tree; 3, 40-69%  of
bark on tree; 4, lo-39%  of bark on tree; 5, ~10% of
bark on tree. Wood decay was subjectively categorized
as follows: 1, no visible decay; 2, slight decay; 3,
moderate decay; 4, slight fragmentation evident; 5,
heavy fragmentation; 6, completely disintegrated but
still distinguishable as CWD.
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Percent light was determined using a spherical
densiometer. Basal area of live trees and snags was
calculated from diameter at breast height (DBH)
measurements of all trees 212.5  cm DBH, measured
in fixed rectangular plots that were 0.1 ha in gaps and
0.2 ha in controls. For a detailed characterization of
five intact  gaps ( including the four that  were trapped in
this study) within the study area, see Greenberg and
McNab  (1998).

3.3 .  S tat is t ical  analys is

Analysis of the full-year (2 June 1998-29 May
1999) data yielded results that were statistically simi-
lar to those using data only from June to October in
both years.  Therefore, I  used in reported analyses only
data collected during June-October in both years so
that between-year data were comparative. Two-way
ANOVA  (SAS, 1990) was used to test for differences
among treatments, years, and treatment x year inter-
action effects in the relative abundance of individuals
within taxonomic levels including species, order, and
class ( i f  total  n>30).  Two-way ANOVA  was also used
to test for differences in species richness and Shan-
non’s diversity index (Brower and Zar, 1977).
Although the year and interaction effects were insig-
nificant (p>O.O5)  in all cases, data from both years
could not be pooled for one-way ANOVA  because of
different between-year sample sizes for intact and
salvaged gaps. Because two-way ANOVA  decreases
power relative to one-way ANOVA,  reported results
are conservative. Differences among treatments were
determined using least squares means tests (SAS,
1990). Recaptured animals were excluded from data
analyses. One-way ANOVA  (SAS, 1990) was used to
test  for differences in structural  habitat  features among
treatments. Percentage data were square-root arcsine
transformed prior  to s tat is t ical  test ing.  Signif icance is
reported at thep<0.05  level  unless otherwise specif ied.

4. Results

4.1. Herpetofaunal response

A total of 510 amphibians (8 species) and 238
reptiles (11 species) was captured 765 times during
the 1997 and 1998 trapping periods (Table 1). No

animals (with the possible exceptions of one Scelo-
porus  undulatus and one Carphophis amoenis that
moved from an intact gap to a nearby salvaged gap)
were recaptured at study sites other than that of their
original capture. This suggests that little movement
between study si tes occurred,  and that  study si tes were
therefore statistically independent. Year and treat-
ment x year effects were insignificant (p>O.O5)  in all
stat is t ical  comparisons thus only treatment effects  are
reported. Species richness and diversity differed sig-
nificantly among treatments for reptiles but not for
amphibians (Table 2).

There were no significant differences in relative
abundance of total amphibians, or of caudates, anur-
ans, or any individual species tested (Table 1). In
contrast, the relative abundance of reptiles was sig-
nificantly higher in both gap treatments than in con-
trols. Both lizard species, Eumeces fusciatus and S.
undulatus, were significantly more abundant in both
gap treatments than in controls. No differences in
relative abundance of individual snake species were
detected (most species were captured too infrequently
to validly test) ,  but  total  snake abundance was margin-
ally significantly greater in both gap treatments than
controls @=0.0930)  (Table 1).

4.2.  Habitat  characterist ics

Live tree BA was significantly higher in controls
than in intact  or salvaged gaps,  and standing dead tree
BA was signif icantly lower in salvaged gaps than other
treatments (Table 3). Percent light differed signifi-
cantly among all treatments, with highest light levels
in salvaged gaps, and lowest in controls. Leaf litter
cover was highest in controls and lowest in salvaged
gaps. Litter depth was significantly lower in salvaged
gaps than controls (and lower than intact gaps at
p=O.O641). Percent cover of humic mat was signifi-
cantly lower Q~0.05)  and depth was (marginally)
significantly shallower (p=O.O905)  in salvaged gaps
than in intact gaps or controls. Salvaged gaps had
highest  and controls the least  bare ground cover;  bare
ground in intact gaps did not significantly differ from
salvaged gaps or controls (Table 3).

Percent cover of CWD was significantly higher in
intact  gaps than in salvaged gaps or controls (Table 4).
CWD pieces were significantly longer in intact gaps
than salvaged gaps or controls.  Coarse woody debris
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Mean number (H.E.)  of amphibians and reptiles captured during June-October 1997 and 1998 using drift fences and pitfall traps in intact and
salvage-logged gaps, and closed canopy mature forest controls at the Bent Creek Experimental Forest, Asheville, NC”

Species Year N Treatment MS (treat) F (treat) p (treat)

Intact Salvaged Control

A m p h i b i a n s
A m b y s t o m a  o p a c u m

Eutycea  w i l d e r a e

N o t o p h t h a l m u s  viridescens

P l e t h o d o n  oconaluftee

P s e u d o t r i t o n  tuber

Total caudata

B u f o  a m e r i c a n u s

R a n u  c l a m i t a n s

Rana  sylvatica

Total anura

T o t a l  a m p h i b i a n s

R e p t i l e s
A g k i s t r o d o n  contort&

C a r p h o p h i s  a m o e n i s

C o l u b e r  c o n s t r i c t o r

D i a d o p h i s  p u n c t a t u s

E l a p h e  o b s o l e t a

S t o r e r i a  o c c i p i t o m a c u l a t a

T h a m n o p h i s  s i r t a l i s

T o t a l  s e r p e n t e s

Lacertilia
Eumeces fasciatus

S c e l o p o r u s  undulatus

Total lacertilia

C h e l y d r a  s e r p e n t i n a

1997 2
1998 1
1997 4
1998 5
1997 31
1998 31
1997 156
1998 149
1997 13
1998 12
1997 206
1998 198

1997 2 0
1998 6 2
1997 12
1998 11
1997 0
1998 1
1997 3 2
1998 74
1997 238
1998 272

0.20 f 0.20 0.00 f 0.00 0.25 f 0.25 N/A
0.00 f 0.00 0.00 f 0.00 0.25 f 0.25
0.40 f 0.24 0.50 i 0.50 0.25 f 0.25 N/A
0.25 f 0.25 0.67 f 0.33 0.50 f 0.29
2.20 f 1.50 l.OOfO.OO 4.50 f 3.84 9.73
1.75f  1.11 3.33 f 1.76 3.65 f 2.25

13.00 f 2.59 11.50f0.50 17.00f 1.08 21.58
14.75 f 5.02 11.67f3.71 13.75 f 3.12
0.80 f 0.20 0.50 It 0.50 2.00 f 0.91 N/A
0.50 f 0.50 1.00 f 0.58 1.75 f 0.75

16.60 f 2.38 13.50 + 0.50 24.00 f 3.39 84.34
17.25 f4.61 16.67 + 4.81 19.75 f 2.87

3.20 f 0.86 0.50 f 0.50 0.75 f 0.48 3.68
4.75 f 2.25 4.67 i 3.28 7.25 f 4.70
0.20f0.20 0.45 f 0.45 0.50 f 0.29 N/A
0.25 f 0.25 2.33 ck 2.33 0.75 f 0.48
0.00 f 0.00 0.00 i 0.00 0.00 f 0.00 N/A
0.00 f 0.00 0.00 * 0.00 0.25 f 0.25
3.40f0.81 5.00 + 4.00 1.25 f 0.25 5.07
5.00f2.16 7.00 * 3.51 8.25 f 4.63

20.00 f 1.92 18.50 * 3.50 25.25 f 3.35 76.78
22.25 f 3.50 23.67 zt 6.49 28.00f3.32

1997 0 0.00 f 0.00 0.00 z.!z  0.00 0.00 f 0.00 N/A
1998 1 0.25 f 0.25 0.00 * 0.00 0.00 f 0.00
1997 3 5 3.80 f 2.24 7.00 i 6.00 0.50 f 0.29 36.79
1998 21 4.00 f 3.08 1.67 i 1.67 0.00 f 0.00
1997 3 0.20 & 0.20 0.50 * 0.50 0.25 f 0.25 N/A
1998 0 0.00 f 0.00 0.00 i 0.00 0.00 f 0.00
1997 2 7 3.20f  1.07 3.00f  1.00 1.25 f 0.95 3.84
1998 10 1.50 f. 0.87 0.33 f 0.33 0.75 f 0.48
1997 2 0.20 f 0.20 0.50 f 0.50 0.00 f 0.00 N/A
1998 0 0.00 f 0.00 0.00 f 0.00 0.00 f 0.00 N/A
1997 1 0.20 * 0.20 0.00 f 0.00 0.00 f 0.00 N/A
1998 5 0.75 * 0.75 0.67 f 0.33 0.00 f 0.00
1997 1 0.20 * 0.20 0.00 f 0.00 0.00 f 0.00 N/A
1998 2 0.00 rL-.  0.00 0.33 f 0.33 0.25 f 0.25
1997 6 9 7.8052.44 ab l.OOf7.00 a 2.00f  1.41 b 79.13
1998 3 9 6.50 + 3.93 3.00 f 2.08 l.OOf0.71

1997 4 3 4.80f0.97 a 7.00f  1.00 a 1.25 f 1.25 b 28.31
1998 3 2 4.00f0.71  a 3.33%  1.45 a 1.50f0.65 b
1997 2 3 3.00f0.84 a 3.50f2.50 b 0.25f0.25 b 25.08
1998 2 7 4.50 f 2.22 2.33 f 0.33 0.50 Lt  0.50
1997 6 6 7.80f  1.59 a 10.50f 1.50 a 1.50 f 1.50 b 102.66
1998 5 9 8.50 f 2.33 a 5.67 f 1.20 a 2.00 f0.91 b
1997 3 0.00 f 0.00 1.505 1.50 0.00 f 0.00 N/A
1998 0 0.00 f 0.00 0.00 f 0.00 0.00 f 0.00

N/A

N/A

0.49

0.53

N/A

1.81

0.14

N/A

N/A

0.19

1.61

N/A

1.93

N/A

1.28

N/A
N/A
N/A

N/A

2.77

7.16

4.46

9.90

N/A

N/A

N/A

0.6201

0.5982

N/A

0.1950

0.8667

N/A

N/A

0.8310

0.2313

N/A

0.1770

N/A

0.3048

N/A
N/A
N/A

N/A

0.0930

0.0060

0.0288

0.0016

N/A



Table 1 (Continued)

Species Year N Treatment MS (treat) F (treat) p (treat)

Intact Salvaged Control

Terrapene  car&m 1 9 9 7 2 0.20 i 0.20 0.50 It 0 . 5 0 0.00 zt 0.00 N/A N/A N/A
1 9 9 8 0 0.00 + 0 . 0 0 0.00f0 . 0 0 0.00 f0 . 0 0

Total testudines 1 9 9 7 5 0.20 zt 0 . 2 0 2 . 0 0 f2 . 0 0 0.00 f0 . 0 0 N/A N/A N/A
1 9 9 8 0 0.00f0 . 0 0 0 . 0 0 f0 . 0 0 0.00 f0 . 0 0

Total reptiles 1 9 9 7 1 4 0 1 5 . 8 0f2 . 9 6 a 23.50 f7 . 5 0 a 3.50 f2 . 8 7 b 388.26 1 0 . 6 9 0 . 0 0 1 1
1 9 9 8 9 8 1 5 . 0 0f3 . 6 7 a 8 . 6 7 f1.20 a 3.00f 1.41 b

a Statistical results are for two-way ANOVA using treatment (df=2),  year (df=l),  and treatmentxyear (df=2)  as factors. Year and
treatmentxyear effects were insignificant @>0.05)  for all tests and are not included in reported results.

b Different letters within rows (reported only in the top row of each species indicate significant differences in relative abundance among
treatments.

Table 2
Mean (&S.E.)  species richness and Shannon’s diversity index (H’)  of reptiles and amphibians captured during June-October 1997 and 1998
using drift fences and pitfall traps in intact and salvage-logged gaps, and closed canopy mature forest (controls) at the Bent Creek
Experimental Forest, Asheville, NC”

Species Year Treatment

Intact Salvaged Control

MS (treat) F (treat) P (treat)

A m p h i b i a n s
Richness

Diversity (H’)

1 9 9 7
1 9 9 8
1 9 9 7
1 9 9 8

R e p t i l e s
Richness 1 9 9 7

1 9 9 8
Diversity (B) 1 9 9 7

1 9 9 8

4 . 2 * 0 . 4 4.0f  1.0 4.0i 0 . 7 0.936 0 . 7 6 0.4854
3.5 * 0 . 3 4.0 f 0.6 5 .0f0 .7

0 . 4 1 * 0 . 0 3 0.40 f 0.03 0 . 3 3 f0 . 0 9 0 . 0 0 3 0 . 2 2 0.8053
0.36f0 . 0 7 0.46 f 0.05 0.47f0 . 0 8

4 . 4 f0.4 ah 6 . 0 5 1.0 a 1.8f  1.2 b 1 7 . 1 2 7.14 0 . 0 0 6 1
3.5 f0.6 a 3 . 7 * 0.9 a 1.8hO.8  b

0 . 5 5 f0.04 a 0 . 6 3 & 0.04 a 0.23 f0.14 b 0 . 2 7 6 . 2 7 0.0097
0 . 4 3 ?C 0.08 a 0.47f0.11 a 0.15 10.15 b

” Statistical results are for two-way ANOVA using treatment (df=2),  year (df=l), and treatmentxyear interaction (df=2)  as factors.
Neither year nor treatmentxyear interaction were significant factors @O.lO)  for either index, and are thus omitted.

’ Different letters within rows (reported only in the top row of each species indicate significant differences in relative abundance among
treatments.

Table 3
Percent cover (IS.E.)  of select microhabitat features in intact (n=4)  and salvage-logged (n=3)  gaps created in 1995 by hurricane Opal, and
closed canopy, mature forest (controls) (n=4)”

Feature Treatment M S F-value p-Value .

Intact

Bare ground (%) 1.5 * 0 . 6 a,bb 5.6 f2.4 b 0 . 5 f0.3 a 8 9 . 7 5 6 . 2 6 0.0230
Shrub (%) 5 5 . 6 ZIG 7 . 3 a 29.3 f8.0 b 2 6 . 6 f 6.6 b 3 7 1 . 6 4 . 6 7 0.0450
Leaf litter (%) 8 9 . 5 f2 . 5 a 76.4 f2.7 b 99.1 f 0 . 2 c 4 9 2 . 1 37.04 <0.0001
Leaf litter depth (cm) 3 . 4 f0 . 6 a,b 1.6fO.l a 2 . 8 f 0 . 1  b 0.0003 4 . 8 9 0 . 0 4 1 1
Humic mat (%) 8 0 . 2 f9 . 4 a 19.7 f19.7 b 9 8 . 8 f 0.7 a 4191.0 1 3 . 7 4 0.0030
Humic mat depth (cm) 1 .8f0 .4 0.3 * 0 . 3 2.0+0.6 0.0003 3 . 2 9 0.0905
Light (%) 29.1 f2 . 3 a 50.4 + 3.3 b 3.3 f 0.5 c 1110.1 1 6 0 . 2 0 . 0 0 0 1
Live tree BA (m’/ha) 9 . 8 f1.6 a 9.0& 1.0 a 2 7 . 8 zk  1.9 b 426.9 41.55 0 . 0 0 0 1
Snag BA (m2/ha) 3 . 2 * 0 . 3 a 0.6 f0.5 b 2 . 6 f 0.8 a 6 . 0 4.82 0.0423

Salvaged Control

’ Percentages are presented as actual means, but data were square-root arcsine  transformed for ANOVA.
b Different letters within rows denote significant differences among treatments.
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Table 4
Mean percent cover (fS.E.)  and characteristics of coarse woody debris (CWD) (>12.5  cm diameter) in intact (n=4)  and salvage-logged (n=3)
gaps created in 1995 by hurricane Opal, and closed canopy, mature forest (controls) (n=4)”

Feature Treatment M S

Intact Salvaged Control

CWD (%) 2.5 *  0.4 ah 0 . 7 + 0.4 b 0.4fO.l b 3 7 . 7
Length (m) 15.1 f 1.2 a 4 . 5 zt  0.5 b 6.8 f 1.2 b 1 1 1 . 5
Diameter (cm) 27.4 f 3.8 16.8 f 1.1 19.9 f 2.2 16.6
Bark class (l-5) 2.2 f 0.3 a 2 . 7 f 0.7 a 5.0 zt  0.0 b 7 . 4
Wood class (l-6) 1.3~lzO.3 a 3 . 5 f 0 . 5 b 5.3 zt  0.3 c 14.5

a Percentages are presented as actual means, but were square-root arcsine  transformed for ANOVA.
b Different letters within rows denote significant differences among treatments.

F-value p-Value

9 . 8 8 0.0070
2 7 . 4 8 0.0005

3 . 5 6 0.0859
12.81 0.0046
3 7 . 3 2 0.0002

diameter was marginally significantly higher
(p=O.O859)  in intact gaps relative to salvaged gaps
or controls. Coarse woody debris within control sites
had signif icantly less  bark (<lo%,  on average) than in
intact or intact gaps. CWD wood decay also was
significantly lower in intact gaps than in salvaged
gaps, and highest in controls (Table 4).

5. Discussion

Conditions of higher light and associated micro-
climate and microhabitat in both intact and salvage-
logged gaps did not  adversely affect  amphibians,  but
increased reptile abundance, richness, and diversity
relative to controls.  Reported negative effects of clear-
cutting (complete removal of timber from 10 to 12 ha
stands) on salamander populations are attributed to
salamander desiccation in response to increased l ight
and soil-surface temperatures, and lower humidity
following complete canopy removal (Adams et al.,
1996; Harpole and Haas,  1999). Other studies indicate

. that  salamanders are resi l ient  to less severe methods of
timber removal, such as 2-age harvests (Adams et al.,
1996)  selection harvests (Messere and Ducey, 1998)

* harvesting firewood (Pough et al., 1987), thinnings,
and heavy browsing by deer (Brooks, 1999). Harper
and Guynn (1999) reported higher densities of south-
ern Appalachian salamanders in moist  s i tes (north and
east-facing slopes) than dry (south and west-facing
slopes),  but found no correlation between salamander
density and leaf-litter depth, litter weight, or canopy
coverage. The partial canopy removal and high pro-
portion of shade, leaf litter and other microclimate-

modifying habitat features that remained in both gap
treatments differ substantially from conditions in
clearcut  harvests and more closely resemble selection
harvests  or  th innings .

Ash (1988) reported that salamander declines were
not complete until 2-3 years post-clearcut harvesting.
An absence of treatment or year response by salaman-
ders  up to 3 years  post-disturbance suggests  that  this
study was of sufficient  duration to detect  a salamander
response to disturbance if it were to occur.

Microclimatic and microsite variables in gaps are
confounded, making it difficult to determine what
features drive the numerical response of reptiles and
amphibians. Treefalls generate CWD, but also
increase l ight  levels that  subsequently lead to changes
in vegetative structure and microclimate. Coarse
woody debris  did not  appear to be a major determinant
of habitat quality for reptiles or amphibians at the
tested levels. Whereas percent CWD cover did not
significantly differ between salvage-logged gaps and
mature forest, the abundances of E. fasciatus,  S.
undulatus,  and snakes did.  Coarse woody debris cover
was significantly higher in intact than salvaged gaps,
but abundance of both lizard species and snakes not
differ between the two gap treatments.

Despite a difference in mean light level (29 vs.
50%) between intact and salvage-logged gaps, no
significant difference in numbers of reptiles or amphi-
bians was detected. However, significantly fewer
snakes and lizards (both species) were captured in
mature forest that had less light (mean 3%) than
both gap treatments. Further study is required to
determine the disturbance parameters (least to grea-
test canopy removal and associated microclimate and
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microhabitat features) necessary to change the local
abundance of repti les and amphibians in the southern
Appalachians.

Discrepancies among studies in amphibian res-
ponse to timber harvesting could be partially due to
differences in species composition that vary geogra-
phically and along moisture gradients (and hence
among studies). For example, the xeric sites used
in the current study limited the suite of species to
those that already may be tolerant of warm, dry
upland conditions. All of the commonly captured
amphibians in this study, Plethodon oconaluftee
(within the P glutinosus complex), Notophthalmus
viridescens efts, and B. americanus were equally
abundant in both gap treatments and mature forest.
Resul ts  of  other  s tudies  also indicate  that  P.  g lu t inosus
(Barbour, 1971; Pais  et al., 1988; Petranka et al.,
1993, 1994), N. viridescens efts, and B. americanus
(Pais  et al., 1988) are tolerant of a wide range of site
conditions. The severity of change to microclimate
and microhabitat also may vary along moisture gra-
dients; moist sites may experience more dramatic
changes in soil or litter moisture following canopy
removal than xeric sites.

Virtually all studies of herpetofaunal response to
timber harvesting in the southern Appalachians
focus only on salamanders (Blymer and McGinnes,
1977; Ash, 1988, 1997; Petranka et al., 1993, 1994;
Phelps and Lancia, 1995), whereas reptile response
has been largely overlooked. Adams et al. (1996)
found that the relative abundance of reptiles
increased following clearcut and 2-age harvests.
Studies in fire-adapted ecosystems of the southeast
indicate that many reptile species (excluding, for
example, arboreal and CWD-dependant lizards) are
more abundant in recently disturbed areas with open
canopies, abundant light, and high availability of
bare ground (Mushinsky, 1985; Greenberg et al.,
1994). Many species of amphibians in these ecosys-
tems also use the xeric uplands, but their distribution
may be limited by distance to breeding ponds (Sem-
litsch and Bodie, 1998). In contrast, reptiles are
scarce relative to terrestrial salamanders in the
closed canopy forests of the southern Appalachian
mountains where forest floor density estimates of
single species (not total) range from 0.18 (Ash,
1988) to 2.2 (Jaeger, 1980) per m2 (see Petranka
et al., 1993).

In the predominantly closed-canopy hardwood for-
ests of the southern Appalachians,  terrestrial  salaman-
ders are clearly dominant at a landscape scale.
Historically (and today),  single-tree death and natural
dis turbances commonly created canopy gaps across  a
wide gradient of size and canopy structure. I suggest
that historically, many species of southern Appala-
chian reptiles occurred at low densities in closed
canopy forest,  and were dependant upon such natural
disturbances to create ephemeral patches of suitable
habi ta t .

6. Conclusions

Conditions within both intact and salvage-logged
gaps created by wind disturbance did not affect the
relative abundance of amphibians when compared to
closed canopy mature forest, but the relative abun-
dance of two lizard species and snakes was higher in
both gap treatments.  Higher l ight  levels  and associated
microclimate appeared to influence reptile abundance
but CWD did not at the levels tested.

Today, both natural  and anthropogenic disturbance
by timber harvesting may influence the relative abun-
dance of reptiles and amphibians at a local scale.
Clearly, more research is necessary to determine how
disturbance,  both of natural  and anthropogenic origin,
impacts amphibian and reptile populations at the
landscape level, and whether the effect is amplified
by the co-occurrence of both.  Special  at tention should
be given to how disturbance effects are modified by
landscape position given the differences in herpeto-
fauna1 communities that occur along moisture gra-
dients, and the severity of changes that ensue
following disturbance along that gradient. Finally,
greater attention should be given the level of distur-
bance that affects significant change to herpetofaunal
communities. How much canopy removal, CWD
generation or removal, loss of leaf litter cover and
depth, and other features of microhabitat and micro-
climate that change following disturbance is neces-
sary to affect population change, and what species
will be most impacted? Informed forest management
decisions can be made only with a more refined
understanding of how disturbance impacts herpeto-
fauna1 populations and communities at local and
landscape scales.

,
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